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INTRODUCTION ... Se ae 

Sone scrious fires have occurred in bitunminous-coal mincs because of 
short circuits on direct-current powr systeus. thet do not have adequate 
circuit-brecker protection. The writer's obscrvaotion of circuit-breaker 
instolletions in mmerous cool mincs leads to the conclusion thet. many persons 
ar not properly informed as to the true fumtions.,. linitations ,; and operation 
of clrouit breakers. Foulty protection results in fire hezords. thet endanger 
lives end property. Proper circuit-breaker protection would greatly minimize — 
or, in many instances, eliminate the hazards; moreover, many operating advant- 
ages of proper epplication of modern circuit breakers would be gained. 


The purpose of this circular is to show why. fire hazards. exist in many 
nines‘ despite the use of circuit breakers and how the hazards,may be overcome.. 
Amethod is. given for determining whether additional circuit-breaker protection 
is required for a specific 250/275-volt direct-current. distribution system, and, 
if so, the approximate locations’ :and capacities.of. the required supplemental | 
breakers . ewe Se meee 


. Tests of the effectiveness of ciruit-breaker protection were made in. four 
céal mines. The mines were. selected to illustrate both proper and improper. 
breaker protection against short circuits. The selections were made on the - 
basis of the theoretical application. of Ohm's. law, and the test rcsults proved 
lts‘practicability.° . ~~ .- 3. . © San Cixi Bees Soe a 


Since short circuits on the distribution system are the most common 
electrical fire hazard in goal mines, this discussion is confined to overcurrents 
arising from such short circuits. ‘The tests and discussions are confined to. - 
20/215-volt d. c. distribution systems. ate eo 

To persons thoroughly familiar with the installation and functions of 
Circuit breakers, this report presents nothing new, For those who have only 
linited nowledgs of the short-circuit. protection to be expected from circuit 
breakers, thig circular should be useful. Simple fundamentals are discussed 
provide information onthe use of cirouit breakers to: prevent or minimize 


fires from short circuits in coal mines. 
" SUMMARY [AND CONCLUSIONS — 


| Results of the tests point to the necessity of adequate oircuit-breaker 
Protection on 250/275-volt 4. o. systems in coal mines, ‘The: ideal setup, is 

% provide a sectionalizing breaker for each wrking section or unit. Such 
Protection gnerally affords suitable short-circuit protcction for trailing 
si of face equipment. The principal objection. to the use of sectional 
Takers is the high initial cost. Experience bas shown, however, that breaker 
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protection that will isolate a scction of a mine having electrical trouble tut 
permit other sections of the mine to opcrate has its high cost oifset by 
minimizing total powr outags. Moreover, if mine fires can be prevented, the 
cost of circuit breakcrs may be considcred low-cost insurancc, 


In mines with adequate circult-brcakcr protcction and scctionalizing, it 
has been dofinitcly proved that thc economic and safety oarees of such 
a a a warrant the INVES VIED Ge 
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FUNCTIONS oF A CLROUIT BREAKER - 


. The basi’ funetioh of: # circuit breaker is ‘to interrupt the flow oF. : 
currest’ when the load exceeds the safe operating curtent fot which the systen 
-ds designed. . In this’ respect-a' fuse isa circuit breaker, but’ “ate has a fixed 
.- Gapedity: and. other: ‘lini tations. Ordinarily a circuit. breaker ig éohs idered aa 
a dévice that.can be set té open ata preselected’ Gurrent within’ the’ ‘rang , 
of the particular breaker. 


tk Médem-circuit breakers operate” under various’. ‘eonditioris according ‘to the 
services Zor which they afc designed,” -All of’ the opcreting cheragteristics of 
cirowit breakers are not ‘dixcotly ‘applicable ‘to fire prevention; thércfore, it 
is ‘appropriate to -give the following summary of médcrn éixcuit-breaker. " fune tions 
so that their operating characteristics may be understood clearly, © Circuit 
vECGncre may eens the following eter GHaven verte yaee 

te Be! n eauuntioaly. in the’ event: of overlay” short circuits, reverse 
aca oe voltage failure. — = Oe. 5 Lo 


w- 


we 


2. Remain open 4 dc find te and cajustatle time interval, regurdless or 
we ceuse of open nee . ve 


a % a5 " Reclose only on predeterinined line. conditions. 


wae 


ayy in sieving: can: be equipped to distinguish | between FY short circuit. 
and load resistance of low val ; 


5. Equipped to “lock-out”. indc‘Mnitely. on'’a short circuit under any 
voltage Son eEteonee 


ae, ° ° m™ 
i 


6. Equipped to operate « on otroiite, that: are fed from cither dircotion, 
Te Operated with a trip tree handle - cmerg noice . 


‘8, Romain closcd.magnetically under & wide voltage renee. 
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Qe. “Gare with, push, button or xomote contol a. 
10. Open. wry. repidly. ‘and. roclose quickly. te _s ' . 23 


The various protcctiv fcatures of circuit i ‘ace usce:4 as 
substation breakers,: tie breakers between gencrators, or segtjonasizing stub 
breakers for cach face unit) ' are pcoamplishe d by. mcans. of overcurrent, -undsr- 
voltage, :2 reverse. current, : “yoltage directional ; F and time-delay. rolays.. suxiliary 
relays are usually required also. . To describe the funtions.af all’ releys,. 
resistors jy. and condensers, used. in breaker-control circuits would be. dnadvis-: 
eble..in this. ¢iroular, because such information is. readily: asm in aaa 
catalogs Qf-wirtually’ “all. giroult-breekcr manufocturerse. 9 | het 


Modern circuit breakers are adjustable over a comparctively wide iris 
range within 100 percent above or below their continuous current ratings.; ‘a 
instajling.proper types of breakers at. proper points in. thc-minc electrical . 
system, the,.system-caoh be sectionolized to restrict power outages to the .- . 
section ‘of a mine where a.fault: occurs ond. permit all other scctions to obtain, 

nomal power requirements. Such characteristics. greatly increase..the value. 
of mdern circuit breakers in protccting cquipment and sarc guarding. against - 
fircs while maintaining dcpcndable power supply with fcwst possible inter- 
ruptions. Yet,.in all. too many mincs , the potcntial cconomic advantages of 
py per eircuit-breaker protection are ‘virtually a te ae: installations 
do sea provide adequate fire. protention. . se a. = 


‘Tne operation. of 4 circuit br aker is as simple ; as onc of the. first — 
lessqns ‘in electricity.- It.is an application of Ohm!s low--I<i/R--which means 
that the current flowing. in:'a given circuit depcnds upon the voltage impressed. 
upon the circuit divided by the resistonce of the circuit. . Under normal. : 
conditions, in any, ‘circuit the maximum voltage is a fixcd characteristic of o., _ 
speciiic.: generator or rectifier, and the resistance is fixed by. the charecter-, 
istics of the condyctors comprising ‘the circuit, It follows,. therefore’, that... 
the mex imum - current that can flow in any circuit is. Limited by the resistance 2 
of the. circuits. When.a cirouit. breaker is: set to permit the : flow. of .a pre~ 
determined current, any current in EXCESS Of | the. set value; wid Cause the 
circuit breaker to open. Conversely, if an ‘abnormal condition, such as a 
short gixcuit, occurs and the breaker docs not open (assuming the breaker. is 
in. gad mechanical condition), the falure to do 80 results from gone ee 
that holds the current to a velue below. that for which the breaker is set. 
Usually, the. cause of the current-Limiting condition is. cxcossive resistence. 
of the:circuit. One of the purposes of this circular. is to. explain how and. 
why such . a condition frequently. exists in coal-mine distribution. ‘systems. 


A acanns fundamental of éloctrical theory is. that the. ene Of a 
conductor of.a given material varies directly as its length and dnvers¢ ly. ag 
its. cross-sectional area. Simple. and. well ‘mown as this. principle . is, oe 
apparently: is. ignored in many circnit-breaker installations, .A ‘circuit. 
breaker is ingtalled at a generator or a rectificr and.set.to open, at. a pro- 
dctermincd current, usually allowing for a 50-percent overload to take care of 
common operating-pe'ak loads. . As, the distribution lines are extended, often 
the increase of resistance with length Js nat, considered,..and point is reached 
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where the resistance limits..the.current'on a snort circuit below the value at 
which the circuit breaxer is set; therefore, if a short circuit occours at a 
point far enough from the generator, the breeker at the generator will not 
open, and a fire is aioe te occur’ 


wiht 


.. Using age: sunnanentala:s a group of curves (fig. 1) has been: de velo pea 

. re Veeeceat Ohm's law graphically, using distances’ in fect .as abscissas 
(horizontel) and current. in amperes as ordinates. (vertical)... Vertically, on - 
the left.of the chart,.the breaker settings for values of 100 percent overload 
are shown for 100-, 150~, 200=, and 500-kwe gonerators. and. are indicated by 
arrows.-pointing to the kilowatt ratings of the.gnerators. In many instances 
reference to this chart. will show. the cffectiveness: of short-circuit protection 


essen fe 


‘the pointe : cans vhich the curves are drawn are the: aifforent valine = 
of current flow that correspond to specific distanocs from the substation. In 
calculating resistancc, the total lcngth of the cirouit. (positive plus negative 
Was useds TPo:use the graph, therefore, it is only necessary to know the. 
one-way distance between a eae prow ‘breaker. and any ea in the : 
dis tribution eevee 


- The amare assumes that both sides of the cirouit have Scand current- 1 # 
Sirens capacity, and that the total conductor capacity is. uniform throughout 
the distance under consider:tion. In many instances, however, such a condition 
does not exist, but the chart can still be used to analyze parts of the system 
quickly without mathematical caloulation.- If conductor capacity is uniform 
throughout the system, it is a simple matter to seleot the given distance on - 
the base linc, project it vertically upward to the curve representing the. 
conductor, which is equivalent to the total conductor capasity of onc side... 
of the given circuit, and-thcn by horizontal projection to the lcft read the. 
short-circuit current that the. system will permit to flow. If such shorte .-.: 
clrouit current cxcecds the breakcr sotting, the breaker should give adcquate. 
short-Gircuit protection. The process can be rcversed by starting with the - 
breakcr setting and then determining ‘the maximum distance at wosch a = ~ 
oeeute on’ ‘a ee conauctor will cause the peGeeee to PCa. yeh ages 


In using the chart where one side of the davouit has 8, lower ourrent- nee 
Carrying capacity than the other, it should be assumed that the entire. circuit 
consists of the smaller conductor. In some instances the assumed :cirouit will 
Carry.enough current to open the breaker; that .side of the circuit has greater 
capacity then actually ia required. If the chart indicates that the assumd 
Circuit wil2 not permit cnough. current: flow to open the breakcr, the actual 

current that can flow on short cirouit must be detemmincd by calculating the 
combined. resistance of both sides of the circuit from the. particniar breaker to 
a specific point.-. The method of using the chart by assuming, the cntire cir - 
cuit to. be composcd of the smallest conductor in any section -of the. line can 
be tricd, but it is not likcly to furnish a correct valuc if the. eiooas sescasaed 
over on per Eer ere dis tanoc . 

the sore ging a ohdofly to main circuits .. In 3 ee eee systen, 
branch Circuits are usnally restricted in-Icngth becausc ordinarily thc. - 
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conductors are snaller than those of the uain circuit, ond the added resistance 
of such branch circuits often will bo nogligiblo but should not be ignored. 

If short-circuit curront for tho nain circuit affocting a broaker is sub- 
stentiolly higher than the breakor setting, .the branch circuits probably can . 

be ignored. Whon the: short-circuit current of the nain circuit approaches, the 
breaker sctting, tho added resistance of the branch circuits should be con- 
sidered. The role of branch circuits and other conditions discussed proviously 
will be shown in spocific ats in the» discuss ion of the actual tests-in. 
the four cacl nines. t — 


To uso the chart properly, the ulawien’ sizes in circular nils of 
copper of all conductors (including rails used os conductors) should bo. known. 
Such information is avoilablo in electrical handbooks. Rosistances in ohn por 
1,000 fect for. verious sizos: of copper wire and stecl rceils ( wi th. eae en? 
copper: confine tor] comsonly uscd in coal nines ore given in tablol. ’. 


TABLE Le - ‘Unit podiatansed of cormon sizcs | 
- Qt copper wire. cond. stood. reil 


: Resistance, 
Size, au. |e ohn / 1,000 foot 


Huiveiont eee Ohi 1,000 — , a | 


Weteht yard each rail, foot (both reils 
-. pounds: .''| Cise-of: copper | bondod and cross bonded) 
33 “| 500,000 ~ Oe OLGO 
Th ears ‘400, 000 oie ont). @@LBS 
50* | +56 SOQ, 090: x0 oh” Flaws Lo eO08: 
«6 | 600,000 . 0090 
t . et BRS "coud t'i 7003000 109 Ls@QOTT 
cone 8, | 800,000'. /|* «0067 
90 _ ot 9004000... 0060. - 
1.00 ~ 1,000,000 .00 


When two or nore “eonductors are - pompec tad. 4n parcllel to fom-one side 7a 
a circuit, the total circulor-nil copper ‘equivalent is found.by adding the ue 
copper equivalents of oll conductors usod in that sido. ‘Thus two 60-pound 
stool rails, connected to tho circuit,’ are. equivalent to 1,200,000 en, of : 
copper. One 60-pound steel rail and c 500,000 cu. nogetive foodor ore equivalent 
to 1,100,000 on. of copper wire. Such «size is not ‘shown on ‘the. chart, but 
voluos for it. can be interpolated cecurately onough botwoon tho 1, 000; 000 ond 
1,200,000 cn. curvos, Sinilarly,: any group of different sizo conduc tor's can 
be conbinod, ond if the total in cireuler mils is not show on the chart’ the 
next lower-size conductor can bo used or valuos for tho combination deternined 
by interpolation, — 
4491 > ie 
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_ SUBSTATIONS ea PARALIEL a 


When ceo sane teeiona: are operated ‘in parallel F iii some think 
that a circuit breaker at eath substation give adequate protection. against 
short circuits. This is true only if the stribution system is properly laid 
out with due re gard for lengths end sizes ‘of conductors. Otherwise, oné or 
more conversion units relatively close’ to the short circuit may go off the | 
line, but one or more units ct grocter distances may stay on the =e end 
continue to teed current through the short circulte 


Whe re twa or more suds tations are operated in sgadine short-circuit: 
protection is .determinc.d by considering each substation separately, using the 
chart (fig. 1) to.dctcuminc if any part of the distribution systcm extcnds. © 
beyond the ercatest distance at which ‘tho breaker at that particular sub- 
station will function on short circuit, The method of making such deter 
minations is described forthe. four.mines in which a¢mal ‘tests wore made of 
cirouit=-breeker protection for 250/275=wit dios systems. 


t) we 


» 


The enhieceita he Se is aupniiea from a 200-kilowatt motere nore sct 
installcd on the surfsacc ncar thc slopo mouth and two 300-icllowatt reotificrs 
underground, all conncetcd to operate in parallcl. The altcrnating current 
supplicd to the reotificrs and tic motor of the motor-gcnerator set is at 

2,300 volts. Each rectificr is instmlicd ncar a borcholc through which thc 
2,300-volt a.c. supply cntcrs the minc, The cables for this current arc the 
only source of 2,300-yolt_a.0. power in..tho- mine, + An~oil Cireult- ‘breaker and 
a monuclly operated. oa ronewne:® se oa are -inetallow’ ot: ‘tlic: bottom of each 

borchole. A sie 


Figure 2 is a skeleton. freme. of the ied, ere wer b yb tem 
in mine no. 1 and shows the capacities of the generator and rectifiers, size 
Of feeders, both positive and negative, approximate Average load on each set, 
and current values at which ‘the -clropit breakers are set to trip. 


Note: Except where additional copper is shown 4n figures 26 , inolusive, 
the return circuit consists of 60=pound rail for main track and 
4O-pound rail for track in producing sections. 

The senaraeay on the surface eeeiate ‘in ‘supplying power ‘for ithe Reding: . 
load between the slope. bottom and the rectifier at J and 2 east, 12 north 7 & 
distances of lk 900° feet. The socond rectifier is installed at 3 and 4 west, . 
le north, 1,000 feet north of tho first rectifior;. ee are Located 60 as to 
furnish - power i both sp renpais and. face loads, = 1: 

Some racorded. load tests were conducted Onl the rectifiers’ ‘for the operator's 
information aén@ disclosed that the averago load on each ‘set -was’ ‘approximately 
900 amperes. Peaks of 1000 to 1,400 amperes wore recorded s but these were 
infrequent; Soarequontiy, the “toad corn is salah smalls fi 
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2 units 


N 
Short circuits 
applied here 12 N extension 
2 units 
300 kw rectifier 
M55 at 3 and 4 west; 
Note: The negative side of the circuit bkr.set 2000 amp., 
on the haulage roads consists of av.load 900 amp. 


60-pound steel rails plus 500,000 cm. 
copper throughout. 
(Bonded and cross bonded) 
ae kw rectifier 
at | and 2 east; 
—< bkr.set 2200 amp., 
av.load 900 amp. 


750,000 cm. - positive 
( Main East 


O 1 unit 


200 kw mg set; 
bkr.set 1100 amp., 
av.load 400-500 amp. 


1 continuous 


miner 
1 unit 
Scale 
0 1,000’ 2,000’ 


Figure 2. - Skeleton lay-out of 250/275-volt d.c. distribution system, mine 1. 
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1 unit (prospecting) 


s| 


1 unit 2-6/0 
25E 2-6/0 
500,000 cm.plus 6/0 
| 2-6/0 C 
2 units 
25E 2-6/0 
ro) 
3 


300 kw rotary converter; 
bkr.set 1900 amp., 


av.load 1000 amp. 


1 unit 


2-300 kw rotary converters; 
bkr.set 1500 amp. on each, 
av.load 700-800 amp. on each. 


1 unit 


At IDE 


300 kw rotary converter; 
fLO bkr.set 1600 amp., 
av.load 500 amp. 


Negative side of line between the 
shaft bottom and 19 E is 60-pound 
bonded track plus a 4/0 copper 


feeder line. 


All other negative feeders are 60- 
pound bonded track plus 2-4/0 copper 


lines. 


4/0 


Seale 
2,000’ 4,000’ 
re ee rr ee ce | 


300 kw rotary converter on surface; 


oN 
—O)  bkr.set at 1800 amp., 
av.load 700-800 amp. 


Figure 3. - Skeleton lay-out of 250/275-volt d.c. distribution system, mine 2. 
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The chart (fig. 1) indicates that short-circuit protection. from any point 
in the distribution 8 ys tem: to cach rectifier is’ adequate. 


In this instance, each face unit cénsisted of a cutting machine, loading 
neohine, two storage-battery shuttle cars, and an electric drill. Trailing | 
cables were equipped with fuse protection, and machines were protected by ~ 
individual circuit breakers. The equipment wes the trankless. type, and face 
loads wore carried by postive and negative 500, O00 cm. copper fecders except 
tho feeder circuit for the continuous miner, which consisted of 750,000 cm. 
conductors. Branch feeders wore not extended more than 1,200 foct from the 
main circuit on the track haulagoway in this mine; therevore the added circuit 
resistances of 0.05 obm for:the 500,000 cm. feeders and 0,035 ohm for the 
TH, 000 CM. ae ra fecders may be veritas : 


hosoraine to the chert and the caleulations, the line eoadatanaes were 
substantially less than those that would limit the current flow below the 
respoctive breaker settings. To dstemino if this wore trno in practice, a 
numhor of short circuite were created at the end of tho main line in 12 north 
extension, which was farthest from any substation. All load was cut off, and 
only the 200-kilowatt surfaco gconerator supplicd power to. tho 9,000-foot 
circuit. The breakor sotting on this genorator, normally 1,100 cmperes, was 
Yaiscd in stages to 1,600 amperes. In each instance, the breaker opened . 
instantly when a short olrouit was estadlished between the trolley wire vind the 
track at the far end of the circuit. 


Evidently the possibility of mine fires from short circuits on the direct- 
current system in this mine are remote a 


Mine 2 e 


The power supply for the on is. Ce ayatan: was from five 300- 
Kilowatt rotary converters, operated in parallel. ‘the 2 »300=volt QO. supply . 
to the converters entered the mine through boreholes ends was reduced to the 
hecessary alternating-current values for the various sets through transformer 
banks in the substations. This was the only 2,300-volt power usod underground, 
Ol circuit breakers were: installed at -the bottoms of the boreholes in addition 
to manually ornate Stegonneox ine Switches. : | 


‘Figure 3 howe the lay-out of the ‘system with the various sizes of feeders ) 
averags load on eash set, and circuit~breaker over-current trip sottings « : 


According to the calculations, the resistance of tho ciroult. bo tweon the 
shaft bottom and “19 Gast was such that the current flow on tho occurrence 
of a short circuit would be limited to a value below the breaker setting on 
cithor tho convorter on the surface or the ono at 19 cast, depending upon 
whore the short circuits occurred betwoon the two. Soveral short circuits were 
treated along tho haulage road between the shaft bottom and 19 oast to prove | 
that this was truc in practico. br the tests, the convrter on the surface 
vas shut down, becauso the first tost was made noar tho shait bottom, and tho 
breakor on the surfacc opencd. 
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_- dhe test procedure was as follows: One man was.stationed at: 19 east. ; 
substation to close the line ‘switch woe. short, Circuits were epplied and to 
trip the breaker as quickly a8 possible after a current reading was taken from 
the switchboard eumeter, A piece of 4/0 trolley wire was used.to create the 
short circuit between ‘the trolley wire and track. Some resistance occurred .. 
et the points of a short circuit because in each. instance the wire merely wes 
placed on the track and held by a small picoe of rock» Sputtering also . 
occurred with each test when the switch was glosed, = is 2 


the following table shows tue ‘distances fron 49 ¢ east substation end the 
ourrpnt flow for each test | 


“Distance irom 1). & 2 


T O00 | ei 
! pO ae Ow, 1,100 


Tost 1 was made approximatoly 1,000 feot north of tae shart bottom, and . 
the results indicate that a short circuit occurring betweon the shaft bottom 
and 19 east would permit oither the converter on the surrace or the one in .. 
19:cast to romain on the Jine and feed curront through the short SaraMe tr wich 
might causo a fire at any point along 9,v00 foot of hanlago: road.. coe 


-- Tho author pointed ont to the chicf clectricien that unloss more. capper. 
was addcd to the circuit a 60C-empers tio breaker instellod miuway betweon :: . 
the two sots would be roquircid to provido tho necessary protection. Such tio 
broakors can bo adjustod to mcct necossary lino roquiromonts; a nominal 600- 
ampcoro tio broakor can be sot for ouzieat values potyeen on and 1,200 is eee 


It also was pointed, out eye at tho 4, Jo focder,- ica in Geijae Gon with | 
tho truck on -the nogative: gido of tho odreuit, was -instailed to supplement 
the trolley wire on tho positive sido, tho wltage drop on the positivo side | 
would be reduced by ono-hulf, and that tho 60-pound bonded and cross-bonded . 
track had approximatoly throo timos tho. curront-carrying capacity of two, 4/0 
wiros, For oxamplo, if a load of 500 amporos was drawn 4.000. feat from. ‘tha.. 

19 coast gcnorator through tho 4/0 trolley wire, inasmuch eS the rosistance of 
4,000 fect of 4/0 wiro is approximutoly 0,2 ohm, the woltaup drop (RI) wuld. 
be 500 anperos miltiplied by 0.2 oam, or 100 wits. ee ee ee ae 


Calculations rowalod that circuit-broakor protection boyond 19 cast was 
edoquate; consequontly, no tosts word run in this.part.of the mine, With the | 
proscnt set-up, if.a short circuit should oecur beyond 19:.oast, tho converter 
on tho surface would continuo. to food tao circuit: and possibly atart.a firo;. 
however, if protoction was providyd betwoon 19 east and tho siaft. bottom, tho, .. 
possibility of a mino firo from short cireouits would bo roducod considoraoly..- 
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1,000,000 cm 
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300 kw mg set; = , 
miner unit 
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av.load - 1000 amp. 


O- 


lunt <—— 
on 2 West 


500 kw rectifier; 
bkr.set at 3000 amp., 
av.load at 1500 amp. 


1] unit 


300 kw mg set; 
bkr.set - 1800 amp., 


Note: On track haulage roads the 
av.load - 1000 amp. 


positive side of the circuit 
is 1,000,000 cm feeder plus 
4/0 trolley wire. The negative Saale 
side of the circuit is 60-pound 

0 1,000" 2,000’ 


steel rails plus 500,000 cm copper. 


Figure 4. - Skeleton lay-out of feeder lines, track, and belt haulage, mine 3, 
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oe Mine 3 


Direct-current power is supplied by three 500-kilowatt motor-generator 
sets and one 500-kilowatt rectifier all installed underground in well-ventilated 
concrete-block rooms, The units ‘operate in parallel and are equipped with 
load distributors. The generators are driven by 2,300-volt synchronous motors 
and the alternating-current supply to the rectifier is 2,500 volts also. All 
conversion units are installed in the immedicte vicinity of boreholes, and 
no extensive runs of 2,300 volt.cables are required underground. : 


Figure 4 shows the lay-out of the system, size af-fecder lines, average 
load on each conversion unit, and ‘settings of the circuit breakers, Each face 
unit consists of a rubber-tire-mounted mining machine, tractor-mounted loading 
nechine, and two shuttle cars. — . 


One point at which a short. ciropit on the direct-current system would be 
most likoly to start a firo is at the end of the feeder line and tract at the 
)horth ontry off 11 cast. This is the farthest point from: the generator 
betwoon 1 and 2 cast main entries near 2 southeast entry, a distance of -approxi- 
netely 10,000 feet. A short circuit on the direct-current system at. this. 
point' would be one of the most sovore that could occur. ‘The positive side of 
the circuit consists of 1,000,000 on, feedor and 4/0 trolley wire--a total 
of 1,200,000 om. of copper, which has a resistance of 0.009 ohm ‘per ‘thousand 
foot. The total resistance of 10,000 fcet of the positive side of the circuit 
is 0.09 ohm. The negative side of tho circuit consisting of 60-pound bonded 
and cross-bonded track and a 500,000 om. feedor is the equivalent of 1,700,000 
CM. coppor and has a rosistance of 0.006 ohm per thousand foct. Tho total 
resistance of the negetivo side of the 10,000-foot circuit is 0.06 ohm. ‘The 
60=pomd track is considered to have tho carrying capacity of 1,200,000 cm, 
copper. Tho totol rosistanco of tho ontire circuit is thon 0.09.ohm plus 0,06 
on or 0.15 ohm. ‘Tho cmount of curront that could flow on short circuit at the 
ferthest point from a goncrator is 275 volts divided by 0.15 ohm or 1,833 
cnperes. Evon when no othor load is on the system, a short circuit at the 
ferthest point from a generator would cause the breaker to open because the 
breakers are set to trip instantaneously at 1,800 amperes, and the 300-kilowatt 
generators generally carry an average load of 1,000 amperes during normal 
Cleration, The additional ourrent demand caused by a short cirguit on the | 
system probably would open the breaker, and the possibility of causing a fire 
from short circuits on the direct-current system would be reduced considerably. 


It was mentioned previously, however, that 1,833 amperes would flow on 
short circuit and the breaker was set to open at 1,800 amperes, but if poor 
bonding or loose joints were in tho circuit, they would increase its resistance, 
linit the value of the current to a point below 1,800 amperes >. end the. breaker 
would not open. Furthermore, this illustrates the importance of good bonding 
ind track maintenance in the prevention of fires from short circuits.. This 
Uscussion assumes that no load pther than the short circuit existed on the - 
8ys tom, A : Be me, Gera. AE 


Furthemore me} a ‘short oircuit. should occur near the slope: bottom on 
the 3 Stutheast entry, the breaker on the rectifior at ll cast, 13 south would 
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not open, and a fire could start from this source. The rosistance of the 
circuit from the rectifior toward the ‘slope bottom for cach 1,000 fect is the 
samc.as aforenontionod or 0.009 ohms (positive) plus 0.006 ohns (negative), 
which cquals- 0,015 ohms. ‘Tho greatost rosistanco that could oxist in tho 
circuit and pormit cnoug) current to flow to open tho circuit broakor on tho 
roctifior would be (R= E) 275 volte dividcd by 3,000 ampores (circuit-breaker 
sotting) or 0.091 olms.T) Sinco tho resistance of the circuit is 0.015 ohms 
per thousand feot, tho distance limit at which tho broakor on tho rectificr 
would open would bo 0,091: ohms (mexinun resistance) divided by 0.015 ohms or 
6.0 x 1,000, which equals 6,000 foot. It is indicated that a short circuit 
occurring botwoon the eiope. bottom end approximetoly 4,000 fect toward tho 
roctifior could start a fire. In ordor to providc.a sefoty factor, & tic 
broaker should be installsd ebout midwey batwocn tho ] and 2 cast substations : 
andi tho rectificr would probebly provide the nocossary protection. 


ino 4 -L 


Tho pei ase: dic, powor wes supplica by two {50-kilowatt motor- 

“\gcnorator sots, ono 5Q0-kilowatt rectificr, and ono 300-kilowatt roctifior all 
installed underground, and one 400-kilowatt peter ee sot Which was 

ins tallod .on-.the surlacg. 


‘Tho dircet-curront circuit line ‘Prom ‘tho genorator on tho surfaco cntors 
the mino through 4 Pomlots near tho poets it consists of two "300, 000 cm. 
i aca . i a ee | 


Tho divootsourrent Lins cu tonding ‘south fron the shait to 15 cast, 17 oust, 
ond 17 wst consists of 2 4/0 solid-copzcr wire ‘and a 6/0 trolley wire. Bxtund- 
ing north from.thc shoft to.17 ond 20 south entries off 18 cast, tho dircct- 
curront fcodor linus consis% of two 4/0 seabed linos supplamonted by a 
6/0 trolley wiros se . 


. 2 


Figuros 5 (south side) and 6 (ngxrth eal show ‘tho location of substations, 
sizo of fcodors, aversge load on cach station ) end. sottings ‘on the overcurront 
trips on station broakors,. oe ee ee =e A 


Fron tho wos t sido ‘of tho rostifics in 15 cast, about 500 'fceot of | 
1,000 ,000 cme: coppor feodsr -has_becn installod, ona. a 500,000 om. fcoder linc 
nes boon installed from tho roctificr, to, the working soctions in 15 cast. 


Tho main-lino traok consists of 60-pound rails woll bonded c nd cross 
bondod. Fozrty-pound rails ero: usod in tho working scotions. , 


Tho rosistence (ocditive. a negative) of 1, 000 foot’ of circuit north of 
tho shaft on tho main lino is 0.0235 ohn. The breaker on the generetor at 
tho surfase is scot to trip ct at 400 emperes. Tho limit of lino’ resistance 
that would. pommit the broakcr 0 open in the prosont set-up is 0.2 ohn. 
Inasmuch as 1,000 fcot of circuit north of the shaft has a rosistance of 0.0233 
ohm, tho maxinun distence north of tno shaft at which a short circuit onthe 
systen would trip tho surfaco breakcr would bo 0.2 dividod by 0.0233 multiplicd 
by 1,000. or approxinctoly 8,600 foot. A short cirouit boyond: this point would 
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permit the motor-generator sot on tho surfoco to rencin on tho linc and supply 
current through the short, possibly starting a firo. 


Fron the rectifier in 18 cast to tho junction with tho mcin north (fig. 6), 
tho rosistance of tho 4,800 foot circuit was 0.086 ohm. ‘The limit of linc 
resistance that would permit onough curront to flow to opon the brocker on 
this roctifior was 0.2 ohn; therefore, fron the junction of main north cnd 
18 cast, the line resistance at which tho brockcr would opon wes 0.2 ohm ninus 
0.06 om, or O.114 ohm. Tho resistances por thousand fect of circuit on tho 
mein north as in tho precoding paregranh wes V,0¢33 ohn; thorcforo, the 
distence along tho main north toward the shaft bottom that the breaker on tho 
roctifior in 18 cast would opon is 0.114% divided by 0.0233 nultiplicd by 
1,000 or approxinatoly 4,900 foot from the junction of 18 ecst a total 
distanco of 8,800 fcot (4,000 foot + 4,800 foct) from the 18 coast rectifior. 


On the south sido of tho shaft (fig, 5) the resistonco of 1,000 foot of 
circuit is 0.032% ohm. Tho linit of lino resistanco at which the breaker in 
the surfoco substation would opon is 0.2 ohn; thoeroforo, 0.2 divided by 
0,032 mitiplied by 1,000 is approxinately 6,000 foot--tho nexinwi distanco 
south of tho sheft at which a short circuit would opon thc broakor in tho 
surfaco substation. 


By sinilar calculations it was detorminced thet tho breaker on tho 500- 
kilowatt roctifior in 15 oast sot ot 1,800 mpcros would open on short circuit 
et a linit of 2,800 foot north of 15 oast on main south. It olso was dotcr- 
ninod that this breaker would opon whon c short circuit ocourred about 1,000 
foot cast and 800 foct wost of main south in 17 cast oné 17 wost ontries, 
respectively, 

Tho conclusion is that in this mino a short circuit on tho direct-curront 
Syston: cannot occur that will disconnect all gonorators fron tho lino; 
consoquontly, a short circuit ct ony point on tho syston presonts the possibility 
of anino firo. 


To avort or nininizo the possibility of mino fire owing to a short circuit 
on the dircct-ourront distribution systen, tic brockors should bo installed 
according to tho following recomuondction. The brookors, 1,000-cnporo capacity, 
are adjustablo and can bo sot to opon at load currents of 500 to 2,000 anpores. 
Ono breaker should bo installod near tho junction of 17 cest ond 17 west off 
tain south, a socond breaker about 4,000 foot north of 17 east ond 17 wost on 
icin south, and a third breakor approxinately 5,200 foot north of the nain 
shaft on nein north ontry. ‘Thoso locations wore solected from line rosistamo, 
substation capasitios, and linits of distance along tho lino at which sub- 
station brockors would opon on short circuit, os describod in tho foregoing, 
ihe circuit broakers at tho proposod locations would groatly nininizo the 
bossibility of fire owing to a short circuit on tho diroct-curront distribution 
Syston in this nino. 
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